INTRODUCTION {#sec1-1}
============

Hypertension (HTN) is a big concern in today's world. With 26% of the adult world population having HTN, a number that is predicted to be 1.56 billion by 2025,\[[@ref1]\] it is indicated as the fourth reason for premature death in developed countries.\[[@ref1]\] Hypertension (HTN) is a major cause of death, cardiovascular disease and cerebrovascular diseases.\[[@ref2]\] Recent studies revealed that even having a blood pressure (BP) higher than 115/75 mmHg in adults can increase CVD (cardiovascular disease) risk, i.e., a 10 mmHg increment in diastolic pressure, or a 20 mmHg in systolic pressure can double the chance of ischemic heart disease (IHD) and stroke.\[[@ref3]\] Thus, in 2003, Joint National Committee defined the term "prehypertension" (pre-HTN) in its seventh guideline (JNC-7) as a condition with systolic BP between 120 and 139 mmHg, or a diastolic BP between 80 to 89 mmHg in two measurements.\[[@ref3]\] Since this term was coined, people who had been considered as normotensive having BP just above the optimal level were then known as suffering pre-HTN. Based on the previous studies, HTN is more likely to occur in patients with pre-HTN\[[@ref4]\] and prehypertensive patients have also a higher risk of getting CVDs and being more frequently hospitalized due to these problems.\[[@ref5][@ref6]\] Prospective studies have shown the BP within the normal range as a risk reducing factor for CVDs.\[[@ref7]\]

Iran is no exception. A meta-analysis conducted on HTN prevalence in Iran reported the average prevalence rate to be 12.5%, being more prevalent in women and lower average BP was observed in men.\[[@ref8]\] 52.1% of Iranian adults were reported to have pre-HTN.\[[@ref9]\] Since, no prospective study has been performed to examine associations between CVD incidence and different levels of BP in the country, the present study was carried out on women participating in Isfahan cohort study (ICS) to investigate the links between CVD occurrence and HTN and pre-HTN.

MATERIALS AND METHODS {#sec1-2}
=====================

This study was conducted to determine the effects of hypertension on CVD occurrence in female participants of Isfahan cohort study (ICS) during a 7-year follow-up period. Isfahan cohort study (ICS) was a longitudinal 10-year study on 6,504 individuals aging over 35 years. All the studied individuals were evaluated in the first phase of Isfahan healthy heart program (IHHP) in 2001.\[[@ref10]\] The first phase of IHHP was a community-based cross-sectional study performed in Isfahan, Najaf Abad and Arak (all in central Iran). Multistage random sampling was used to select subjects from all rural and urban areas of the mentioned cities. In order to collect data, questioners referred to the houses of participants and filled a questionnaire including knowledge, attitude and performance toward lifestyle factors (diet, physical activity, smoking, and stress) and CVD (causes, risk factors, symptoms and complications). The questionnaire also included history of CVDs, hypertension, diabetes mellitus, and hyperlipidemia, as well as related medications. All subjects were invited to IHHP-affiliated clinics to be examined. Their blood pressure, height, weight, and hip and waist circumferences were measured at the clinics. More details were described elsewhere.\[[@ref11]\] Participants aging over 35 years were included in ICS and followed by biennial phone calls or visits. In 2003, 2005-2006 and 2007, 954 (14.6%), 430 (6.6%) and 286 (4.3%) individuals were lost to follow-up, respectively, mainly due to changed addresses or phone numbers.

The present study was conducted on 3,251 female ICS participants who were followed until the third phase (2007). Demographics, lifestyle-related information (physical activity and smoking), body mass index (BMI), blood pressure and history of diabetes mellitus and hypercholesterolemia were determined according to baseline data. A global dietary index (GDI) of diet quality was calculated, representing the average of the mean of twenty-nine frequency questions in seven categories. A smaller GDI indicates better behavior.\[[@ref12]\] Subjects were considered to be "current smokers" if they reported smoking, at least one cigarette a day during the past year.\[[@ref13]\] Total daily physical activity (TDPA) was assessed in MET (metabolic equivalent) per day, by considering 3 types of physical activity: transport, leisure time and working at home.\[[@ref14]\] Participants were divided into three groups of normal blood pressure (NBP, BP \< 120/80 mmHg), pre-HTN (120/80 \< BP \< 139/89 mmHg) and HTN (BP \> 140/90 mmHg).\[[@ref3]\]

Endpoints were IHD, stroke, CVD and all cause mortality. CVD was defined as combination of IHD and stroke. IHD included myocardial infarction, unstable angina pectoris (UAP) and sudden cardiac death. Myocardial infarction was diagnosed based on the World Health Organization (WHO) expert committee criteria. Therefore, individuals were diagnosed with acute myocardial infarction (AMI), if they had a typical chest pain for over 30 min, an ST elevation \> 0.1 mV in, at least two electrocardiography leads, and increased levels of cardiac biomarkers such as creatine kinase (CK) and CK-MB. UAP was confirmed in case of typical chest discomfort which lasted for a minimum of 20 min and caused the patient to refer to a hospital within 24 h, a change in typical chest pain with a crescendo pattern resulting in a severe frank pain, or ischemia-related ST and T changes in at least two electrocardiography leads. Sudden cardiac death was defined as death within 1 h of symptoms onset, a witnessed cardiac arrest or abrupt collapse not preceded by more than 1h of symptoms. According to the definition by the WHO, stroke was considered as a rapid onset of focal neurological symptoms with a probable vascular origin during 24hrs. Subjects with IHD or stroke were regarded as CVD patients.

During the follow-up period, the records of hospitalization or death certificates were evaluated by a physician in order to provide relevant documents for panel of specialists. A verbal autopsy with a family member of the deceased patient was also conducted in case of out of hospital death. All diagnoses were approved by a panel consisting of 3 cardiologists and a neurologist.

SPSS for Windows (version 15; SPSS Inc., Chicago, IL., USA) was used for data analyses. Analysis of variance (ANOVA) and chi-square test were used to compare baseline data between the 3 groups. Follow-up period for each individual was considered from the beginning of the study until the last phone call or occurrence of any of the endpoints. Cox regression analysis was employed in order to determine the hazard ratio (HR) of HTN and pre-HTN on each endpoint, as well as 95% confidence interval (95% CI). The effects were once evaluated in a crude model. Afterwards, HR was calculated by adjusting demographics (age and education level), lifestyle (physical education and smoking), obesity, and diabetes and hypercholesterolemia.

RESULTS {#sec1-3}
=======

This study examined the data of 3,255 women of which 1,073 (33%) had normal blood pressure, 1,185 (36%) were categorized as pre-HTN, and 997 (31%) were diagnosed with HTN at baseline. [Table 1](#T1){ref-type="table"} shows demographics and risk factor profile of 3 groups. Post hoc ANOVA test confirmed significant differences in pairwise comparisons. In the normal group, the average age was significantly lower and the education level was significantly higher than the other 2 groups. CVD risk factors including low total daily physical activity (TDPA), body mass index (BMI), diabetes mellitus and hypercholesterolemia were significantly lower in those with normal blood pressure. Although, the smoking rate in the normal group was lower than the HTN group, the difference was not significant.

###### 

Baseline characteristics of participants
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The median follow-up period was 6.75 years during which 198 CVD events and 110 deaths were observed. [Table 2](#T2){ref-type="table"} summarizes CVD and death incidences in each group. All incidences were lower in individuals with normal blood pressure. A total number of 35 CVD mortality cases were reported during the follow-up period with 3, 5, and 27 subjects in NBP, pre-HTN, and HTN groups, respectively.

###### 

Incidence rates per 100,000 person-years with 95% confidence interval
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[Table 3](#T3){ref-type="table"} shows in the risk pertaining to pre-HTN and HTN for CVD events and all cause mortality based on 3 models. While HTN considerably increased CVD risk even in full adjusted model, it only increased risk of all cause mortality in the crude model. On the other hand, HTN had a significant and strong effect on CVD mortality (HR 10.08, 95% CI 3.06-33.22) in the crude model but the strength of association decreased (HR 4.89 95% CI 1.37-17.45) after adjustment for age and other risk factors.

###### 

Hazard ratio of hypertension and prehypertension for cardiovascular events
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Pre-HTN significantly increased IHD risk in the crude model and after adjustment for age. However, after including other risk factors, it was not found to have any significant effects on IHD incidence. In addition, pre-HTN did not show a significant association with stroke, CVD events and death.

DISCUSSION {#sec1-4}
==========

There was a worsening trend of CVD risk factors from NBP group to subjects with pre-HTN and finally HTN. Smoking was an exception. The worsening pattern could be in part due to increasing pattern of age among these groups. IHD, CVD and all cause mortality incidence rates also showed an increasing pattern among NBP, pre-HTN and HTN groups, respectively. However, stroke incidence in pre-HTN group was less than both normotensives and hypertensives. Independent to age and other risk factors, HTN was found to be a strong risk factor for IHD, but the association with stroke did not remain significant after age adjustment. Pre-HTN increased IHD risk more than 2 times and the association remained significant after age adjustment, but not after considering other risk factors.

HTN has been proved as an independent risk factor for IHD and CVD.\[[@ref15]--[@ref18]\] The 36-year follow-up period in the framingham study indicated HTN as the most important and strongest factors affecting CVD, IHD and death incidences.\[[@ref19]\] Lawes *et al*., evaluated the global burden of blood pressure and reported 7.6 million premature deaths (about 13.5% of all deaths) to be caused by HTN. They also suggested 47% of IHD cases to be resulted from HTN.\[[@ref20]\] Likewise, previously published results of ICS revealed HTN as a leading risk factor for CVD.\[[@ref11]\] Similarly, the present study showed HTN as a strong risk factor for IHD independent of age and other risk factors among women older than 35 years of age. In the case of stroke, the significant effect turned insignificant after the adjustment for age and other risk factors. HTN was found to insignificantly increase risk of death when adjusted for age, however, including other risk factors resulted in marginal significant association. Longer periods of follow-up and thus higher numbers of events may cause trustworthy statistical significant levels in terms of stroke and all cause mortality.

Pre-HTN was also suggested as another risk factor for CVD, IHD and death. Vasan *et al*., in the framingham cohort study, initially classified 6,859 participants into 3 BP groups including optimal (BP \< 120/80 mmHg); normal (BP 120--129/80--89 mmHg) and high normal (BP 130--139/85--89 mmHg). They reported CVD to occur in 4% of 35 to 64 year-old women with high normal BP. The rate increased to 18% in elderly women. Risk factors adjusted HR of high normal BP for CVD incidence among females was found to be 2.5 (1.6--4.1) in their study.\[[@ref6]\] However, we used a different blood pressure categorization, i.e., we grouped together all subjects with systolic blood pressure between 120 and 140 mmHg or diastolic blood pressure between 80 and 90 mmHg. Therefore, individuals with high normal blood pressure in the previously mentioned study had actually higher blood pressure which might have resulted in the stronger association observed.

In another cohort study, Kukubo *et al*., followed 5,494 Japanese individuals aging 30--70 years divided subjects into 5 groups of BP. While the first group had optimal blood pressure, the fifth group had a systolic blood pressure higher than 160 mmHg or a diastolic blood pressure over 100 mmHg. The results suggested an increment in blood pressure to be associated with raised myocardial infarction and stroke occurrences. They also indicated the fifth group as having the highest HR in myocardial infarction and stroke incidences. Compared to subjects with optimal blood pressure, individuals with normal or high normal blood pressure were more than twice at risk of CVD in multivariate models.\[[@ref21]\] However, we only found HTN to have such an effect.

In 18-year cohort study conducted by Liska *et al*., on 25--74 year-old subjects from the National Health and Nutrition Examination Survey (NHANES I) also showed that an increase in blood pressure to a level higher than optimal led to an augmentation in myocardial infarction, congestive heart failure and stroke incidences. They evaluated the individuals in 3 groups similar to our study and found HR for CVD occurrence to be 1.32 (1.05--1.65) among the pre-HTN group after adjustment for other risk factors. They also divided people with pre-HTN into two groups of low pre-HTN (BP 120--129/80--84 mmHg) and high pre-HTN (BP 130--139/85--89 mmHg) and reported HTN to have a significant effect on CVD occurrence only in the latter group. The highest frequency of CVD was observed in subjects with a blood pressure of 140/90 mmHg.\[[@ref22]\] Dividing the individuals with pre-HTN into 2 groups could have resulted in significant relations between high normal BP and CVD or IHD in the present study.

Hsia *et al*., followed 60,785 postmenopausal women for 7.7 years and determined pre-HTN as a risk factor for CVDs. The HR obtained in their study for all cardiovascular incidences was 1.66, with the highest HR corresponding to the relation between pre-HTN and stroke.\[[@ref23]\] In terms of stroke, the association was absent in current study. However, we found pre-HTN to significantly increase IHD risk, but the relation did not remain significant after adjustment for other risk factors. Menopause may be responsible for the differences between the 2 studies.

Overall, in line with previous studies, we found HTN to be a strong risk factor for CVD and IHD. In contrast, pre-HTN was not an independent risk factor for either disease. However, lengthening follow-up period might reveal the significant effects of pre-HTN. In addition, Iranians may differ from previously studied populations in terms of racial and genetic characteristics. As numerous studies have suggested racial differences as effective on CVD and CVD-related deaths,\[[@ref24]--[@ref26]\] future race-adjusted research may better determine the risk factors among Iranians. On the other hand, a similar study on men might result in different findings. It is an important subject for future attempt.

CONCLUSION {#sec1-5}
==========

The present study showed HTN to be a strong risk factor for CVD and IHD. However, in contrast to previous researches, pre-HTN was not found to be a risk factor for CVD, IHD or death independent to other risk factors in women.
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